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Neutrophil Studies in Psoriatics: In Vivo Migration, Phagocytosis and 
Bacterial Killing 
L. DUBERTRET, M.D., C. LEBRETON, B.A., AND R. TOURAINE, M.D. 
Department of Dermatology, Hopital Henri MondOl~ Creteil, Fran ce 
A reproducible method for sequential study of migra-
tion out of human skin, phagocytosis and bactericidal 
activity ofneutrophils is described. Untreated psoriatics 
exhibit an early increase of chemotactic activity (0-8 hr, 
p < 0.02) and subsequently a strong inhibition of che-
motaxis (8-24 hr, p < 0.01), a slight decrease of phago-
cytosis and a decrease in bactericidal activity (20 min, p 
< 0.02; 30 min, p < 0.003); 60 min, p < 0.001; 120 min, p 
< 0.001) as compared with controls. _\fter clearing of 
skin lesions, the early increased chemotactic activity 
returned to normal values but the subsequent chemotac-
tic inhibition remains as strong as before treatment. 
Phagocytosis increased to normal values (p < 0.02) and 
bacte ricidal activity also increased but remained signifi-
cantly low. These abnormalities were more evident in 
migrating than in circulating neutrophils, underlining 
the sensitivity of the described method. 
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Quantitative m easurement of the delivery ofneutrophils from 
blood to tissue is importa nt to eval uate the efficiency of the 
'first steps of the inflammatory process [1]. N e utrop hil de livery 
in tissue is also a key phenomenon in immune disease like 
leukocytoclastic vasculitis [2] and in chronic skin disease like 
psorias is [3]. 
In orde r to improve the in vivo study of neutrophil function s 
we describe h ere a new t echnique a llowing very reproduc ible 
stud y in the delivery of neutrophils from the blood to tissue a 
well as t h e s tudy of the function of these migrating neutrophils. 
In order to validate this technique the functions of t h e blood 
neutrophils (circulating neutrophils) were compared with t h e 
functions of neutrophils migrating into the skin chamber (mi-
grating neutrophils). Functions of circulating a nd migrating 
neutrophils w ere compared in controls and in psoriatics before 
treatment and after clearing of skin les ions. 
MATERIALS AND METHODS 
Study PopUlation 
Controls were 10 healthy volunteers 20-25 yr old. Nine patien ts, 
untreated for at least 10 days, suffering from psoriasis involving more 
than 20% of body sOl'face, were studied. The fun ction of circulating a nd 
of migrating neutrophils was evaluated in untreated patien ts and in the 
same patients after clearing of skin lesions (> 90% improvement) . Each 
patient served as his own control. The treatments consisted of: ItO 10-
9359 in 7 cases, T ar (Brocq ointment) in 4 cases, mechlorethamine in 
2 cases. Controls and patients were studied during the same period of 
time (March- July 1980). 
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FIG 1. A, Section (0.5 ~L) of the edge of a suction blister. T he 
epidermal basement membrane is in the floor of the blister. B, A 
macro Ion skin chamber stuck on a forearm. 
M ethods 
Studies of m.igrating neutrophils: A 0.5 square cent imeter blister 
was created on the Coreru'm by mild suction (-500 gr/c( 2 ) in order to 
separate epidermis from dermis just above the epidermal basal mem-
brane and to avoid bleeding (Fig I -A ). T he apparatus used was simil ru' 
to that described by L.B. Lowe and J.C. Van Der Leun [4]. The blister 
remained intact overnight in order to allow the di appearance of any 
posttraumatic oedema. The blister roof was removed and a macrolon 
sterile skin chamber was pu t over the denuded area and fixed in place 
with glue (Cementit) and tape (Fig I-B). 
One ml sterile serum was in troduced in the chambel' and replaced by 
a fTesh ml at 6, 8, and 24 hr. Collected cells were coun ted in a Malassez 
chamber after ceil adhesion in order to avoid counting of nonviable 
neutrophils. The cumulative number of viable adhesive cells migrati ng 
per squru'e cent imeter of denuded ru'ea was computed. Smears stained 
by May-Grunwald-Giemsa technique were done on aliquots of the 
collected cells and the relative proportion of the different migrating cell 
populations was calculated. . 
In order to esta blish I'eproducibility of migration at 6, 8, and 24 hI', 
2 migration tests were simultaneously performed on the same foreru'm 
and another one 3 days after on the other forearm for each of the 10 
volunteers. Autologous serum was used for controls. For psoriatic 
studies, suction blisters were performed on noninvolved skin. Neut ro-
phil migration was studied in either auto logous serum or in type AB 
serum tested for australia antigen and syphilis (fresh frozen, from the 
same donor), in order to evaluate a cellular or serum origin of observed 
a bnormalities. 
Phagocytosis and killing of bacteria were studied as follows: a 18 hI' 
culture of Staphylococcus aureus (at 37°C) in Trypticase Soya culture 
medium (Biomerieux, France) was collected and washed twice in cold 
sterile physiologic serum just before use. A Coleman spectrophotometer 
was used to adjust the concentration of bacteria to 125 x 1O'/ml, 
(absorbance 0.45 at 610 nm). Neutrophils collected in the migrat ion 
chamber between 8 and 24 hI' were diluted in pure autologous serum in 
order to obtain 2.5 x 10" neutrophils/ ml. A suspension containing 5 
bacte ria for one neutrophil was prepared containing 90% autologous 
serum. Aliquots of the suspension were put in 6 pairs of silicon-coated 
tubes and an additional aliquot was diluted and inoculated in to trypt i-
case soya gelose pour plates (Biomerieux, France) in order to control 
the number of viable bacteria at the beginning of phagocytosis (time 
0). The 6 pairs of tubes were incubated 30 min at 37°C with gentle 
shaking and then centrifugated 8 min at 800 g. The supernatant: was 
replaced by fresh sterile autologous serum. 
NEUTROPHIL STUDIES IN PSORIATICS 75 
Phagocytosis was analysed in the fil'st pair of tubes after 30 min 
(time 30) by 2 methods: method 1: counting the number of viable 
bacteria at time 0 and the number of viable bacteria in the superna tant 
at t ime 30. Method 2: coun ting on the smeru' formed with the sedi-
menting fraction, the number of neutrophils (out. of 100 neutrophils) 
which had phagocytozed 3 or more bacteria. Differential coun ting of 
the neutrophils ingesting 3- 4- 5 bacteria a nd 6 or more bacteria was 
per fo rmed in migrating and circulating neutrophils searching for differ-
ent functional populations in these 2 environments . 
To evaluate bacterial killing, the remaining pairs of tubes were 
incubated at 37°C. At 10, 20, 30, 60, 120 min after t ime 30, the 
neutrophils of each pair of tubes were collected by centri fugation (8 
min at 800 g) and lysed by osmotic shock in distilled water. Aliquots 
were removed, dilu ted, and inoculated into t rypt icase soya pour plates 
(Biomerieux). After 48 hr at 37°C the number of surviving bacteria (i.e., 
colony formers) was counted and related to the number of bacteria 
phagocytosed at time 30. 
Studies of circulating neutrophils: Phagocytosis and bacterial killing 
of circulating neutrophils of controls and of psoriatics patients were 
studied according to the method described by Quie et al [5). 
Statistical evaluation: Three determinations (two of which per-
formed simul taneously) of the migration of neutrophils out of human 
skin were performed on each control in order to evaluate the standru'd 
deviation of measur ement in each control, at 6, 8, and 24 hr. In order 
to calculate the coefficient of vru'ia tion of the measurement, expressed 
in percent, the mean standru'd deviation of mea urement of all subjects 
was divided by the mean value of the migration, at 6, 8, and 24 hL In 
pru'allel, the coefficient of variation of the subjects was calculated in 
percent by dividing the standru'd deviation of the subjects by the mean 
value of migration in all subjects at: 6, 8, and 24 hr. 
Compru'isons of neutrophil functions between migrating and circu-
:ating cells, treated and un treated psoriatic, and cont rols and psoria t ics 
were performed by Student's t-test and paired Student's t-Test. 
RESULTS 
C umulative cell migration in controls a nd psoriatics is sh own 
in Table I. The neutrophils wer e counted after spreading on 
t h e glass surface of Malassez ch a mber. Thus th e counted neu-
trophils were viable. Migrating cells were m a inly n e u t rophils 
(96% ± 2). Monocytes and lymphocytes wer e r are (3% ± 1 a nd 
1% ± 1 respectively) thus it was possible to study a n early pure 
cell population. The coefficient of variation of m easurement of 
the n eu trophils migra tion was 5% at 6 hI', 4% at 8 hr, a nd 4% at 
24 hr. The coefficie n t of variation of subjects was 10% at 6 hr, 
7% at 8 hr a nd 9% at 24 hr. 
In psoriatics th e n early normal migration of n eutrophils up 
to 24 lu (Table I) was the result of the 2 opposite and successive 
significan t variations between 0 and 8 hr and 8 hr, a n d 24 hI' 
(Fig 2A-B) . In untreated patients, a significan t increase in 
n eu trophil migration in response to a u tologous serum was ob-
served from 0 to 6 hr (p < 0.05) a nd from 0 to 8 h r (p < 0.02) 
Fig 2A). In contrast n eutrophil migration was significantly 
decr eased between 8 and 24 lu as compared to con trols (p < 
0.01) (Fig 2B). After treatment, n eutr ophil migration from 0 to 
8 hr r etumed to normal values; from 8 to 24 hr the neu trophil 
migration remained significantly r edu ced compared with con -
trols (p < 0.01) and was unch a nged compa red with th e de-
cr eased 8-24 hr migration observed before treatment (p > 0.6) 
(Fig 2B). No s ignificant differen ces in migration were observed 
between autologous and AB serum. The 2 p soriatics p atien ts 
which were cleared without systemic tr eatmen t and reevaluated 
for n eutrophils functions 1 week after t h e end of a ny topical 
TABLE I. CUl1l.ulat ive cell migra.tion in controls and psoriatics 
Normal sub-
jects 
Untreated Autologous 
psoriatics serum 
AB serum 
learerl pso· Au tologous 
riutics serum 
AB serum 
Cumulative cell delivery at (10" cell / em' ± 
SEM) 
6 h1' 8 hr ~4 hr 
9.7 ± 0.3 \ 16.5 ± 0.37 75. 1 ± 2.09 
12.92 ± 1.33 22.02 ± 1.89 66.9 ± 5.43 
13 ± 2.22 2 1.66 ± 3.1 3 64 .77 ± G.44 
lO.52 ± 1.75 17.06 ± 1.94 60 ± 6. 18 
8.08 ± 1.33 14. 11 ± 2.29 55.11 ± 6.22 
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MIGRATION of NEUTROPHILS out of THE SKIN 
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FIG 2. Neutrophil migration out of human skin in healthy controls, untreated and cleared psoriatics in autologous serum between 0 and 8 hI' 
and between 8 and 24 hr. Mean ± SEM were indicated beside the experimental points. Experimental points obtained on the same patient before 
and after treatment are joined. 
treatment exhibited the same type of modifications before and 
after treatment as the 7 patients cleared after systemic treat-
ment: migration at 8 hr before treatment 23.6 X 16G cells/cm2 
and 20 X 106 cells/cm2; migration at 8 h:r after clearing, 16.8 X 
lOb cells/cm2 and 12.8 X 106 cells/cm2 respectively. 
In controls, phagocytosis estimated by the number of bacteria 
which disappeared from the supernatant after 30 min was not 
significantly different between migrating and circulating neu-
trophils (Table II). Likewise, phagocytosis estimated by the 
percentage of neutrophils which had engulfed more than 2 
bacteria, was not significantly different among migrating and 
circulating neutr9phils. Furthermore, the proportion between 
the number of neuhophils which engulfed 3, 4, or 5 bacteria 
and the number of those which engulfed more than 5 bacteria 
was the same in migrating and circulating neutrophils. 
In psoriatics, phagocytosis of circulating neutrophils was in 
the normal range before and after treatment (Fig 3). However, 
the variance of the phagocytosis which was very high before 
treatment (V = 294), decreased after treatment (V = 57.6). 
Variance of controls was (V = 12.9). Phagocytosis of migrating 
neutrophils was normal before and after treatment in AB serum. 
In autologous serum, using methods I and II, phagocytosis, 
which was slightly decreased before treatment, returned to 
normal values after treatment. In autologous serum, the in-
crease in phagocytosis of migrating neutrophils after treatment, 
compared with before treatment was significant with method II 
(p < 0.02) (Fig. 3). As for circulating neutrophils, the variance 
of phagocytosis of migrating neutrophils, high before treatment 
(V = 99.8) decreased after treatment (V = 15.6) , equivalent to 
controls: (V = 10). 
In controls, the percentage of bacteria killed 10, 20, 30, 60 
and 120 min after the end of phagocytosis (30 min after contact 
between neutrophils and bacteria) was not different in circulat-
ing and in migrating neutrophils (Table III). 
In untreated psoriatics, circulating neutrophils had lower 
TABLt> II. Phagocytosis of migrating and circulating neutrophils in 
normal subjects (± SEM) 
I. % bacteria disappeared from 
the supernatant after 30' 
II. % neu trophils engu lfing 3 or 
more bacteria 
- 3, 4, 5 bacteria 
- 6 or more bacteria 
Migrating neu- Circulat.ing 
trophils neutrophils 
49.7 ± 1.7 49.2 ± 3.4 
50.1 ± 3.2 50.3 ± 3.6 
28.2 27.4 
21.9 22.9 
Pa ired 
Student 
I -LesL 
NS 
NS 
NS 
NS 
bactericidal activity at all times, which was significant only at 
120 min (p < 0.05) (Fig 4). In migrating neutrophils, however, 
a significant decrease in bactericidal activity was observed after 
20 min (p < 0.02), 30 min (p < 0.003), 60 min (p < 0.001) , and 
120 min (p < 0.001) (Fig 4). In cleared psoriatics the bactericidal 
activity of circulating neutrophils had retul'l1ed to normal val-
ues. In their migrating neutrophils, the bactericidal activi ty 
increased somewhat after treatment blit remained significantly 
decreased at 20 min (p < 0.03), 30 min (p < 0.02),60 min (p 
< 0.03), 120 min (p < 0.04) . Results between AB serum and 
autologous serum were similar. 
DISCUSSION 
The technique presented above offers some advantages in 
comparison to conventional techniques. The abrasion of epi-
dermis to perform a "skin window" is usually produced by a 
grinding cylinder rotating at high speed [6] 01' by tape stripping 
[7-10]. Histological control (data not shown) of abrasions per-
formed by our team have demonstrated variations in the depth 
of the same abrasion. In these conditions the precise surface of 
the skin window available for neutrophil migration is difficult 
to evalua~e and quantitative assessment of cellular migration is 
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TABLE III. Bactericidal acliuity of mig rating and circu.lating 
nelltrophils in healthy controls (± SEM) 
Mig-ra ting neul l'o- Circulating neu tro- Paired Stud ent 
phils ph ils I-tes t 
..., 10 mn 87 ± 5.8 84.6 ± 11.5 NS 
oj 
20 mn 91.3 ± 5.2 89.6 ± 8. 1 NS os ] ·c 30 mn 93.6 ± 2.9 92.4 ± 6.2 NS • OJ 
..., 
60 mn 95.8 ± 2.3 95.4 ± 3.8 NS 13" () os 
.D 120 mn 97.5 ± 1.2 97.3 ± 1.9 NS 
um·eliable. With tape stripping techniques the main disadvan-
tage is that few cells are collected and, as a consequence, it is 
not possible to evaluate subsequently phagocytosis and bacteria 
killing. 
In this respect, the advantage of blisters produced by suction 
is clem'. The depth of the abrasion is precise (Fig 1). The 
sepm'ation between dermis and epidermis is situated along the 
lamina lucida at electron microscopic level, and bleeding and 
cell necrosis have not been observed in the blister [11]. The 
dermis is not injured and, as a consequence one does not 
observe any scaring or postcicatricial pigmentation. We have 
used the skin chamber technique described by Senn and Jungi 
[6] for some time [12]. The described method gave much more 
reproducible measures allowing accurate in vivo study in small 
number of patients. 
The advantage of studying phagocytosis and bacterial killing 
by the described method is apparent. The method is quick and 
many manipulations on fragile cells such as neutrophils are 
avoided. The same tubes are used for the entire study and the 
loss of cells or of bacteria is excluded. Furthermore, the popu-
lation of neutrophils used is quite pure. Phagocytosis and 
bacterial killing are studied under physiological condi tions in 
90% autologous human serum and on migrating neutrophils. 
In this in vivo study, on neutrophil migration through unin-
volved psoriatic skin, there was an increa e of neutrophil mi-
gration from 0 to 8 hr, and a decrease between 8 and 24 hr 
compared to controls. As a result of this biphasic phenomenon 
the cumulative migration of neutrophils from 0 to 24 hr is in 
the normal range as shown here (0-24 Ill" migration of psoriatic 
neutrophils versus normal neutrophils: p > 0.1) and by Breath-
nach, Carrington, and Black [13]. Our findings of increased 
neutrophil migmtion in vivo during the first 8 ill" are consistent 
with the finding of increased chemotaxis activity in vitro [14-
19]. 
The explanation of this biphasic inflammatory process i not 
obvious. The identical migration of psoriatic neutrophils towm'd 
autologous and AB serum suggests that the increase of neutro-
phil chemotactic activity during fll'st steps of the inflammatory 
process in psoriatic patients is not due to a serum factor but is 
a consequence of an intrinsic property of psoriatic neutrophil . 
T he strong inhibition of psoriatic neutrophil migration through 
the uninvolved psoriatic skin found in autologous and in AB 
serum during the 8-24 tu· of this inflammatory process strongly 
suggest that an inhibitor may be progressively produced by 
skin of psoriatic patients which leads to a decrease of the 
abnormally increased chemotactic activity of psoriatic neutro-
phils. This regulating process could be responsible for t he self-
limitation and regl'ession of psoriatic lesions. 
Using the same technique as Krueger , Hill, and J ederberg 
[20] we also found a normal phagocytic activity of ci.rculating 
neutrophils in untreated psoriatics. Wahba et al [14J fo und an 
increased phagocytic activity in psoriatics but they used an 
indirect method with killed and 1251 labeled bacteria . Compm'i-
son between phagocytic activity of psoriatic ci.rculating neutro-
phils before and after treatment shows a gr eat variance in 
phagocytic activity before treatment and a nearly normal vari-
ance after treatment. T his seems to indicate that in untreated 
psoriatic, neutrophils are submitted to complex activation and 
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inhibition processes. After successful! treatment circulating 
neutrophils appear to be in more quiescent state. 
Weare unable to find previous reports on the bactericidal 
activity of circulating and migrating neutrophis in psoriatic 
patients. The advantage of studying migrating neutrophils is 
apparent as the decrease of bactericidal activity of migrating 
neutrophils is much more significant than that of circulating 
neutrophils and remained slightly decreased after skin clearing. 
The nearly complete normalization of neutrophils functions 
after psoriasis. treatment could be either a consequence of skin 
clearing or a consequence of a persistent systemic action of 
retinoid (RO 10-9359). However, the 2 patients cleared without 
systemic treatment exhibited the same modifications befOl'e 
and after treatment than the other ones. T hus, it seems likely 
that the nearly complete normalization of neutrophils functions 
observed after treatment is a consequence of skin clearing, but 
it could be interesting to study the effect of retinoid on neutro-
phils function. 
We want to gtieatly acknowledge Jonathan Meakins for careful 
discussion of this work and rev iew of the manuscript. 
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